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STUDY  OF  BONE 
GROWTH  AND  THE  SPINAL  BONE 


TRANSPLANT  * 


FEED  H.  ALBEE,  M.D. 

NEW  YORK 


The  special  object  of  the  animal  experimentation 
reported  herein  was  to  afford  means  for  studying  both 
macroscopically  and  microscopically  a bone-graft  when 
planted  in  a dog  by  precisely  the  same  technic  as  that 
which  I employ  in  the  human  subject  for  the  treatment 
of  Pott’s  dis|ase  of  the  spine. 1 

I wish  to  express  my  thanks  to  the  following  for  valu- 
able aid  rendered  in  this  work: 

Dr.  Ferguson  for  his  interest  in  'superintending  the 
preparation  of  most  of  the  microscopic  sections,  for  his 
examination  of  these  sections  and  for  many  valuable 
suggestions. 

Dr.  Beebe  for  aid,  suggestions  and  laboratory  privi- 
leges. 

Drs.  Soule  and  Keller  for  indispensable  aid  in  the 
operating-room. 


REPORT  OF  EXPERIMENTS 


Experiment  l.-Dec.  10.  1911;  Dog,  mongrel,  male,  approx- 
imate yeiglit  30  pounds.  Ether  anesthesia.  Anesthetist,  Mr. 
Cassellius.  Fields  of  operation:  dorsal  region  of  back  and 
left  fore  leg,  prepared  by  shaving,  and  scrubbing  with  tincture 

?f  i AACy n S,°ap  ancl  water’  followe(l  U corrosive  sublimate 
1:1,000.  and  70  per  cent,  alcohol.  The  spinous  processes  of 
three  of  the  mid-dorsal  vertebrae  were  approached  by  an 
incision  through  the  skin  and  areolar  tissue  directly  over  their 
tips.  The  supraspinous  and  interspinous  ligaments  were  split 
with  a scalpel  to  a depth  of  two-thirds  of  an  inch  between  the 
spinous  processes  without  disturbing  the  attachments  of  the 
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ligaments  to  the  spinous  processes,  Each  of  the  three  spinous 
processes  was  split  longitudinally  with  a chisel  and  mallet 
into  halves  for  a depth  of  about  two-thirds  of  an  inch,  care 
being  taken  that  the  right  halves  of  the  spinous  processes 
were  not  broken.  A separation  of  the  tips  of  the  halves  of 
these  spinous  processes  produced  a wedge-shaped  cavity,  into 
which  the  ulnar  transplant  was  later  inserted.  A hot  saline 
compress  was  placed  in  the  wound  until  the  bone  insert  was 
obtained.  This  was  for  the  purpose  of  securing  as  perfect 


Fig.  1. — View  of  a dog's  vertebra  (Experiment  1),  into  the  spinous 
process  of  which  a portion  of  his  ulna  had  been  ingrafted  six 
months  before  ; a.  b and  c indicate  the  outlines  of  the  graft,  which 
has  become  firmly  grown  into  the  split  spinous  process.  Figure  2 
is  from  a photomicrograph  of  a section  of  graft  grown  into  the 
spinous  process  at  this  point. 


hemostasis  as  possible  for  a bed  for  the  bone-graft.  Half  the 
diameter  of  the  shaft  of  the  dog’s  right  ulna  was  then  removed 
with  chisel  and  the  bone-forceps.  The  graft  consisted  of  perios- 
teum, compact  bone,  endosteum  and  marrow  substance.  It 
was  inserted  between  the  halves  of  the  interspinous  ligaments 
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and  spinous  processes,  and  held  in  place  with  interrupted 
sutures  of  linen,  which  were  passed  through  the  supraspinous 
ligament  and  the  posterior  edge  of  the  halves  of  the  inter- 
spinous  ligaments  near  the  tip  of  each  spinous  process.  These 
ligaments  were  thus  drawn  over  the  graft  posteriorly.  The 
procedure  was  precisely  that  which  I have  applied  to  human 
subjects  and  of  which  I have  published  reports.1 
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r 2S  1912  • The  wound  had  healed  with  the 

Necropsy.  May  28, ' sliver  0f  nearly  one-tlnrd 

exception  of  a small  ^^nterS  and  taking  to  a 
the  diameter  of  the  0 ■ sequestrated  from  the  rest 

pointed  end  postenoi  y ‘ , united  to  the  spinous 

"f  ,te  srtlr,tzr;ivea  „„<> 

processes,  lhe  wnoie  i ,„ps  The  result  was  a- 

sr:i“:aa”^  .*sl*  «■  ■««- °f  °pe"- 


Fig.  3. — Junction  ol  g.»«  »J  {SSiS'S  S iUluttSS 

5sa»l.E,,Kt“ 

i l in  a cage.  J-ray  examinations 
tion  and  the  dog  was  paced  “ ic  study  of  decalcified 

of  the  gross  specimen  and  • degeneration  of  that 

and  non  decalcified  Bectoon.  fail ed 4p  * ^ cartilage  cells 

S.-JMS!: " » *•  — — ”s 

20%  pounds.  Ether  anesthesia.  A ^ ^ this  ease  as  in 
cisely  the  same  techxnc  w|  < diameter  of  the  shaft  of 

Experiment  1,  except  that  the 
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the  ulna  was  removed  subperiosteal ly.  A sharp  periosteum 
elevator  was  used  and  the  periosteum  was  removed  from  the 
bone  with  force  for  the  purpose  of  being  certain  of  separating 
the  deep  osteogenetic  layers  from  the  bone  cortex  and  obtain- 
ing it  as  a part  of  the  periosteum.  The  periosteum  was  left 
■in  situ  in  the  leg.  The  transplant  was  inserted  by  the  same 
■technic  as  in  Experiment  1,  except  that  the  periostum  had  been 
removed  as  previously  described.  The  leg  and  back  wounds 
were  closed  by  a continuous  suture  of  linen.  The  periosteal 
tube  was  allowed  to  collapse. 

Jan.  22,  1912:  Back  wound  septic. 

Jan.  28,  1912:  Leg  wound  healed  by  primary  union. 

'Necropsy. — Feb.  29,  1912:  Back  wound  was  septic;  graft 

had  sequestrated.  It  is  believed  that  the  difficulty  in  prepar- 


Fig.  4.— Specimen  from  Experiment 
between  three  vertebrae,  the  result  of 

months  hofni’p 


1 showing  bridge  of  bone 
a bone-graft  inserted  six 


ing  the  dog’s  skin  for  operation,  in  addition  to  large  licmo- 
omata  which  invariably  collect  into  loose  areolar  tissue  of 
ie  dogs  back  m spite  of  all  precautions,  was  largely  respon- 
sible for  the  sepsis  in  the  back  wound,  at  the  same  time  the 
leg  wounds  were  clean. 

as' tlmsp0 bn ' E ° " 8 ab0Urt  ,bttck  W0Und  Were  P^cisely  the  same 
in  1 in  Experiment  1,  namely,  a deposit  of  osteoid  tissue 

sequestrated.  ^ T"'  *"«.  -ever,  had 

»fIthethuln,egl,“db,l'i'iB'  °f  '“T  had  “'’I’™™1  ,v'“re  shaft 
the  ulna  had  been  removed.  In  the  center  it  tancred  in 

-3  “Jr  l,rl  »!  bone  1‘ 

e™™  "3  -LT  Z2coT1  ”T the 
22  hhlier  tuiestheshl: 
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. . , , r„.  Keller  Tlie  spinous  processes  of  last  two 

Assistant,  Di.  Keliei.  i vertebrae  were  pre- 

<10—1  »“>  Whh  chisel  and  mallet  and 

P"C  i^ri  i “he.  of^hf  left  ulna  were  removed  leaving 
saw  about  1 A . rl  in  meter  iu  situ  in  the 

the  periosteum  from  one-haH  > U dmmjt« „stimce  „ith  the 

leg.  The  periosteum  was  ' n0  force  was  used  in 

blunt  end  of  a pan  periosteum  peeled 

scraping  the  periosteum  ^om  the^hone.^^  P^  ^ removed 

off  easily.  The  portion  a chisel  into  equal  parts, 

was  then  split  ongitudim  > This  latter  fragment 

on  one  of  which  was  the  perioateu  The  portion 

WS  inSert6d 

int0  the  second  and  third  ffnnb^^ertebra^^  ^ ^ ^ 

JrS^rior  end  of  w^nd  1^^ 

lation.  The  graft  from  ^^VSTlumbar  vertebrae 
removed  and  which  had  been with  pus.  The  graft 
had  sequestrated  an  w.  dorsal  vertebrae  was  firmly 

insert  which  was  placed  microscopic  examination 

united  into  thus,  vertebr^  ^ ?ePof  degeuerntion 

showed  the  union  to  / ^o  bone  or  evidence  of 

or  cellular  death  could  be  found  ^ ^ where 

osteogenesis  appeared  hct'”™  “'  l u|  the  bone  ends.  The 
the  grafts  bad  been  obtained. 1 “7;“°rem„ved  from  the  bone 

^ ” effort  t0  set  i”‘° 

a deep  cleava0  1912:  Dog,  mongrel,  female. 

Experiment  4.  Jan.  > Cassellius.  Assistant,  Dr. 

Ether  anesthesia.  Anestheti ^ operation  received 
Soule.  This  dog  on  the  evem,1«  f liqu0r  cresolis  com- 

a hath  in  2 per  cent  aqueons  c 1 ^ts  this'  hath  was  given, 
positum.  In  al ^f  S Xa  were  removed  subperi- 
Two  inches  of  the  shaft  ol  l^evator  was  USed  for  the  pur- 
osteally.  A sharp  Perl0stea  e The  portion  of  the  ulna 
pose  of  getting  into  deep  L'^tudinally  with  a chisel  and 
shaft  removed  was  then  sp  » fragments  was  inserted 

mallet  into  halves.  One  ***£>n^  ^ ^ and  second 
by  the  usual  technic  into  the  ‘ fragment  was  placed 

lumbar  vertebrae.  The  ordinary  ice-box  for  the 

in  sterile  normal  sa!t  solutm  * next  dog  operated  on. 
purpose  of  transplanting  it  mto 

Wounds  healed  by  primary  union.  found  united 

tfecropsff.-May  0,  Juft  bud  lost  it. 

firmly  with  the  spinous  1 bridge  of  bone  between 

identity.  From  the  „„c  eould  not  suy  from 

the  tips  of  the  three  =PT'%£““„pic  examination  showed 
what  it  had  originated.  M 1 and  no  evidence  of 

Suy  union  of  graft  to  spinous  was  present 

cellular  degeneration.  A stion„ 
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between  ulna  ends  filling  in  the  space  where  the  transplant  had 
been  removed.  This  bridge  of  bone  was  not  quite  so  large  in 
diameter  as  the  normal  ulna  shaft.  It  was,  however,  suffi- 
ciently strong  for  functional  purpose.  It  is  believed  that  the 
satisfactory  osteogenesis  obtained  in  this  case  as,  for  instance, 
compared  with  practically  no  bone  growth  in  Experiment  3, 
was  due  to  the  method  of  removing  the  periosteum  by  a sharp 
instrument  for  the  purpose  of  getting  into  deep  cleaA'age.  In 
this  way  the  chances  are  large  that  the  very  active  osteoge- 
netic  layer  of  cells  which  is  situated  on  the  surface  of  and 


nlw^hnh  'Tunction  of  graft  and  spinous,  process  (a  b) 


The  trans- 
rom  a high- 


considerably  adherent  to  the  compact  bone,  will  be  loosened 
periosteum.1'  y °''  PaVt,y’  ^ 86parate  °ff  as  a of  the 

EtherP?«1MfrT-5‘“fan'  3°’  1012  = Do-  blade  hound,  male 
Soule  T®  ieSla-  Anesthfist>  Mr-  Cassellius.  Assistant,  Dr! 

0VCr  hl&t  tl,ree  dorsal  first 

vertebra p » . Sp,no,,s  Presses  of  the  three  lumbar 

and  the bone BiSSf-  I”'  ,Gff.ha,VeS  Witl>  a c»i«l 
from  the  do«’s  „]no  :.  ™ 1 '.°H  0n®  " ll?h  had  been  removed 

° a m Experiment  4,  Jan.  25,  1012,  and  kent 
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in  normal  salt  solution  in  an  ice-box,  was  inserted  into  the 
11  ,1  I,,,  vovtnhnp  The  spinous  processes  of  the  tenth 

prepared  J b 'ae  were  denuded  with  a blunt  instru- 

1111  l the  neural  arches  posteriorly 

ment  of  thmr  peuosteu  where  they  were  left 

t0  th,B  P J The  separated  ends  were  then  held  in 

attached  to  ‘ \ . sutui-es.  The  skin  was  sutured  by  the 

approximation  b>  - ftU  pi.evi0Us  cases  the  skin  was 

subcutan^ou^  m^din'ar  th;.ough.alld.tlu.ougll'  stitch;  all  suc- 
ceeding'' wounds  were  closed  with  the  subcutaneous  suture, 
resulting  m much  U’ss  s£m  transplant  was  amalgamated 

pt  showed  ‘one  would  not  have  thought 

StTwas  due  to  a bone  transplant^  Thmj  -eonlya  f- 

”ALeurrJctL,d\Xst,,tc1ed  aero,,  between  the  dorsal 

r nrai"  — tr;:; ' 

hone  ^he"! pStenm  on  tie  spinous  processes  rs 

“rlirirdt”  InHnstrr'uoent  sprout  a special  effort 
being  «»de  to  get  into  deep  c-leavag^  ^ ^ 28 

Experiment  0.— Jan  30,  1.  • Mr.  Cassellms. 

pounds.  Ether  anes  u>lt  ; made  over  and  down  to 

Assistant,  Dr-  Soule.  dorsa]  and  first  three  lumbar 

spinous  processes  inches  of  left  ulna  with  its 

vertebrae.  Two  and  one-foui  ^ with  chisel  longi- 

periosteum  were  remove  1 fragments  of  bone  were  then 
tudinally  into  halves.  rhes  ^ b the  usual  technic,  one 
inserted  into  the  spinous  JV  other  into  the  lower  dorsal.  The 
into  the  lumbar  vertebrae,  the  oti 

wounds  healed  by  primary  union.  In  my  absence  Mr. 

The  dog  was  found  dead  < ’ ortion  of  the  spine  and 

"ruinous  processes  into  rrhieh  ,hey 

had  been  inserted.  monerel  terrier, 

EXPERIMENT  7.— reb.  1,  ia  Anesthetist,  Mr.  Cas- 

weight  18  pounds  Etliei  ai  ~ . d iodin  method.  An 

sellius.  Fields  of  °Peiatl01\\  d‘fir9t  timee  lumbar  vertebrae 

incision  over  last  three  dol;a  ' es<5es  were  split  longitudi- 
was  made.  The  lumbar  BP;no«|l*|^vown  ‘0  the  neural 
nallv  on  the  left  side  of  feed  witli  hot  saline  com- 

££  oZTJ  three-fourths  inches  of  diaphysis  of  left  ulna 
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were  removed  subperiosteal!}'.  A blunt  instrument  was  used  to 
separate  the  periosteum  which  was  left  in  situ  in  leg.  One-half 
of  the  ulna  shaft  was  placed  by  usual  technic  into  the  poste- 
rior lumbar  vertebra.  Pieces  of  periosteum  stripped,  without 
aid  of  sharp  instrument,  from  ulna  (varying  in  size  from 
one-fourth  by  one-fourth  of  an  inch  to  small  bits)  were  sutured 
into  the  bell}’  of  the  muscle,  which  had  been  turned  aside, 
when  the  ulna  shaft  was  removed.  . The  muscle  was  then 
sutured  into  its  normal  position.  The  periosteum,  on  the 
left  sides  of  the  two  anterior  spinous  processes  was  stripped 
and  retained  in  two  pieces  with  some  difficulty.  These 
periosteal  flaps  were  then  drawn  together  and  sutured,  thus 
producing  a periosteal  bridge  between  these  processes.  The 
remaining  half  of  the  ulna  was  placed  in  salt  solution  for 
the  purpose  of  transplanting  it  into  the  next  dog  operated  on. 

Necropsy. — At  necropsy  three  months  later  the  transplant 
was  firmly  united  into  the  spinous  processes.  No  osseous 
tissue  could  be  found  as  a development  from  the  periosteal 
bridge  between  the  spinous  processes.  Only  a small  plaque  of 
new  bone  could  he  found  where  the  ulna  had  been  resected. 
There  was  new  growth  of  hone  about  cut  ends  of  ulna. 


Experiment  8.— Dog.  Ether  anesthesia.  Anesthetist,  Mr. 
Cassell ius.  Assistant,  Dr.  Soule.  The  last  three  dorsal  and 
first  three  lumbar  spinous  processes  were  split  as  usual. 
Numerous  slivers  of  the  previous  dog’s  ulna  devoid  of  perios- 
teum were  placed  between  the  split  portions  of  the  two  upper 
dorsal  vertebrae.  The  superspinous  and  interspinous  ligaments 
were  drawn  over  in  the  same  way  as  when  a large  graft  was 
used.  All  the  ligaments  and  muscles  were  separated  from 
the  second  and  third  lumbar  spinous  processes  for  about  two- 
thiids  of  an  inch  from  their  tips.  These  two  spinous  processes 
were  then  split  longitudinally  into  equal  anterior  and  poste- 
rior portions.  Green-stick  fractures  were  produced  in  the 
anterior  half  of  the  posterior  process  and  the  posterior  half  of 
the  anterior  process.  The  tips  of  these  fragments,  well  denuded 
of  periosteum  and  soft  tissues,  were  then  contacted  and  held 
with  a linen  ligature.  The  ligaments  and  fascia  were  drawn 
over  all  with  a continuous  linen  suture.  Skin  was  closed  as 
usual  with  subcutaneous  continuous  suture. 


Necropsy.  At  necropsy  two  and  one-half  months  later  there 
was  evidence  of  some  skin  infection  which  had  nearly  subsided 
Ihe  slivers  of  hone  had  united  and  produced  a bridge  of  bone 
between  the  spinous  processes  but  not  so  firm  as  one  resulting 
fiom  one  large  graft.  There  was  no  bony  union  between  the 
approximated  fragments  of  the  second  and  third lumbar 
spinous  processes. 


Prone  ration  'l  fi  ?°g’  telTi,‘r’  male>  weight  18%  pounds 
ing  thfXht  w in  COmprid  Solution  of  «esoI  nnd  sluiv 

to  dry  ovel  nlbi  n,?!  Field  of  operation  allowed 

and  floated  with  American  tincture  of  iodir 
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just  before  operation.  This  preparation  was  used  in  all  of 
the  succeeding  eases  »!  '»“”>  S‘sti„  "back  for 
anesthesia  *«*?*»»•  „vious  case!  a„d  packed  with 
graft  was  prepared  as  u^P  ^ of  ,eft  „,lla  were 

?tn.p  , , 1 frnm  the  uina  by  a blunt  dissector  was  placed 
Zo  the  Dps  Of  two  split  spin^j > Presses  anterior JtoJto* 

r i £eb::.ss 

inch  b^onT-fonrtli  by^^onweigMi^intA^in^diaineter^wli^h  liad^ 
were  ptcTd'in’tbe  Ml'y  of  a 

pieces  of  bone  of  the  same  site  w e ^taken  i item  J t<> 

in  belly  of  another  muscle  m left  foie  ie  , j 

determine  which  was  the  more  osteogenetm. 

I"6  d°g,  ^28 ,d  m2  distant,'  Dr.  Soule.  Bone 

transplant  was  found  * The^graft^pw- 

processes  into  which  they  ia  ^one.  sruall  piece 

sented  every  appearance  o el.  -process  which  had  been 

of  bone  from  the  tip  of  asp0^  ^ changed  very 
implanted  into  a muscle  b j < P liferation  on  the  side  of 
little;  there  was  a V^  S q{  ^ taken  from  the  ulna  and 
the  periosteum,  the  piec  , i very  little.  There 

inserted  into  a muscle  belly  had  ch  g ^ ^ side  0f  the 

was,  however,  considerable  pi  ‘ inches  by  one-third 

periosteum.  The  piece  of  p J two  split 

iLtitr,  ^cntrL^of  Potion  and 

was  hard  to  find.  Puppy,  terrier.  Ether 

EXPERIMENT  Incision ”5  inches  long  was 

anesthesia.  Assistant,  Di.  ^ dorBal  and  first  three 

made  over  and  down  p qus  ligaments  were  split  with 

•lumbar  vertebiae.  I 1 h hisel.  A piece  of  the  ulna  bone 

scalpel,  spinous  process  inches  long  and  one- 

of  the  dog  previously  operated  ^ teclmic  above 

half  the  diameter  of  the  u ) q{  the  second  and  third 

described  into  the  spinous  1 dog>s  ]eft  ulna  of  about 

lumbar  vertebrae.  A subperiosteally  with  chisel 

the  same  size  was  then  ]agt  dorsai  and  first  lumbar 

and  saw  and  inserted  m ‘ inches  by  one-third  inch) 

vertebrae.  A piece  of  penoste um  ( 1 A ^ ^ ^ int0  tto 
removed  by  blunt  dissect!  left  0f  the  first  lumber 

liuen  sutures.  On  the  opposite  side 
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(right)  and  in  the  same  relation  to  the  first  lumbar  vertebra 
a piece  of  the  left  ulna  (one-half  by  one-eighth  of  an  inch) 
was  placed  in  the  same  manner  as  the  periosteum.  The  right 
fore  leg  was  broken  over  the  side  of  a table  and  a splint  was 
applied,  in  order  to  obtain  thickened  proliferating  periosteum 
for  grafting  purposes  in  ten  days’  time. 

Necropsy. — Feb.  27,  1912:  Both  pieces  of  bone,  the  one 

from  another  dog  and  the  one  from  the  same  dog,  were  equally 
firmly  united  into  the  spinous  processes.  A careful  microscopic 
examination  of  sections  made  through  graft  at  various  places 
and  through  junction  of  union  of  graft  to  spinous  process 
failed  to  show  any  evidence  of  degenerated  bone-cells.  The 


i AFio\  fL'T7riuW0  v.ertebrae  of  a dog  into  which  the  bone  transplant 
(A,  B)  had  been  inserted  six  weeks  before.  (Experiment  11)  • from 
^photograph.  Sections  have  been  taken  for  Xo“copic  examin” 


periosteum  inserted  into  the  fascia  to  the  left  of  the  spine 
presented  no  evidence  of  proliferation,  either  periosteal  or 
bone  I he  bone  placed  under  similar  condition  to  the  right 
of  the  spine  showed  considerable  proliferation,  especially  "on 
the  periosteal  side.  ^ J 

11rF?;i  15’  1912:  ma!e  mongrel, 

Sl  af  o u/  !"  Etl'er  anesthesia-  Assistant,  Dr.  Soule, 
and  nine,  U 1 7s  removed>  with  its  periosteum  intact, 
follow!,  ,n  n07  Salt  S01^011’  t0  be  k€Pt  « ice-box  for  a 
lumbar  verteh  J 9p,noua  Processes,  last  dorsal  and  first 
Ver tebrae  were  prepared  as  usual  and  a piece  of  a 

wldch  had "h  (°ne'half  itS  diameter  and  inches  long), 
been  removed  two  days  previously  and  kept  in 
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Ringer’s  solution  in  an  ice-box,  was  inserted  by  usual  tecbnb: 
into°  the  second  and  third  lumbar  vertebrae.  A fragment  of 
ulna,  with  periosteum  of  approximately  the  same  size,  wh 
had  been  removed  from  an  old  dog  two  days  previously  and 
kept  in  salt  solution  in  an  ice-box,  was  inserted  into  the  las 

two  dorsal  vertebrae.  _ ,,  , orl„ 

Necropsy — Six*  weeks  from  time  of  operation:  Both  bone- 
grafts  were  found  firmly  united  into  the  spinous  piocesses 
Y ravs  taken  in  different  planes  of  specimens  (see  1'ig.  ) 

failed  to  show  any  areas  of  degeneration  in  the  graft.  Both 
decalcified  and  non-decaleified  (ground) 

found.  ,, 

to  90  1012-  Dog.  Ether  anesthesia. 

a EXtPSr  m cTssoLs  An  incisio^  3 inches  long  was 

arches,  the  piocesses  nmiroxirnation  with  the  sev- 

the  tip  of  one  process  came  into  ai  1 • tissues  with 

ered  base  of  the  next  of 

periosteum  were  brought  back  wit  1 ^ The 

linen.  Skin  was  closed  with  subcut“e°  then  osed.  Their 
second  and  inch  in  situ  with  supra- 

tips  were.1  nts  undetached  in  the  usual 

spinous  and  ntei pn  8 amoved  from  a dog  one  week 

manner.  A fragment  oi  an  , galt  solution  in  an 

previously  and  kept  meantii  uaual  technic.  This 

ice-box  was  « “ > . ,llic.|la|f  the  diameter  of 

‘ihe’tin  - closed  by  snbcutaneons  sntur, 

vasrtebra'^  wtfe 

. union  had  not  occurred  down  7t should  be  stated, 

spinous  processes  had  bee  nttemnt  to  fix  or  immo- 

however,  that,  as  in  all  oth“  “s  ' ’ Th  „raft  which  bad  been 
bilise  the  dog’s  sprue  was  made  ho  . wa,  well 

inserted  into  the  second  and  thud  lunmai  i 

united'  A -1  94  1012-  Dog,  mongrel,  male. 

Experiment  13.— Apri  , riment  was  possible  only 

weight  2iy2  I''mlif  9.  Beebc  and  Berkeley,  who  allowed 

through  the  kindness  0 • , Ue  Dr.  Berkeley  was 

me  to  remove  a part  of  * ^ incheB  by  one-third 
operating  on  it.  A fiag  u a9  marrow  substance,  was 

^ salt  solution 
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until  the  clog’s  spinous  processes,  three  in  number  (first  dorsal 
and  first  and  second  lumbar),  could  be  split  and  prepared  in 
the  usual  way.  The  transplant  was  then  inserted  and  covered 
with  the  ligaments  as  above  described. 

Necropsy. — Five  weeks  after  operation:  Although  the  wound 
had  healed  kindly  by  primary  union,  the  transplant  was  found 
in  a pocket  filled  with  serum.  No  evidence  of  osteogenesis  on 
the  part  of  the  graft  or  union  to  spinous  processes  was  present. 


p™***  «pi»om  koto,,  »!»  «•<,>!. 

;s^re,,r'"  '"el1 


I'lre  following  deductions  and  conclusions  are  based 
H3  experimental  work  reported  herein,  in  con- 
a dinical  exPerience  gained  from  130 

five  nf  l ig,°Perf!tl0ns  °n  the  lmman  subject,  ninety- 
hve  ot  "hich  have  been  for  Pott’s  disease,  ten  for  club- 
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foot,  eleven  for  paralytic  deformities,  eight  for  ununited 
fractures,  one  for  osteomyelitis  cavity,  _ one  fixation  o^ 
tarsus  for  tuberculosis,  one  for  deformity  of  tibia,  one 
for  deformity  of  tlie  jaw,  one  for  paralytic  drop-wrist, 
and  one  for  absent  bead  and  neck  of  femur  and  ^united 
fracture  of  neck  of  femur.  In  three  of  the  cases  of  P 
disease  the  bone  transplant  has  been  cut  down  on  for 
minor  reasons,  inspected  and  parts  removed  for  exami- 
nation. The  time  after  operation  has  been  thiee  h\e 
and  seven  weeks.  In  all  of  these  cases  the  grafts  have 
heen  well  united  into  the  spinous  processes  wherever 
contacted.  In  two  cases  the  end  of  the  graft  had  sprung 
posteriorly  into  the  soft  tissues.  In  every  instance  tl 
portion  of  the  graft,  which  was  contacted  into  the  spi  - 
ous  processes  bled  wherever  cut  with  bone  loiceps, 
its  periosteum  was  proliferated  and  the  transplanted 
porCTn  ev”ry  w./  presented  the  appearance  . * 

hilitv  On  the  other  hand,  m both  cases,  the  P0ltl 
nf  the  °raft  projecting  into  the  soft  tissues  was  pale 
nerfostenm  Id  no°t  proliferated,  the  bone  did  no 
Seel  Si  central  portion  when  out,  and  was  ttiough 
to  be  acting  as  an  “osteoconductive  scaffold  whereas 

there  seemed  every  reason  to  in  Id 

lio-Tit  of  our  microscopic  results,  that  the  po 
It  the  Spinous  processes 

the  contacted  points  of  haversian  blood-supply 
so  numerous  and  near  together. 

summary 

1 Many  liberties  can  be  taken  with  the  bone-giaft 
withont  interfering  with  its  success.  It  has  certam 
bacteria-resisting  properties.  In i one  case  t 

gineieeKdinoTefs  tos“e^  and  su. 
cessfnl  results  followed.  In  two  cases  sepsis  occmn  d 
in  the  same  wound;  iCTertheless^paite  ofjl 

SiSeln  deducting  thTthe  bone-graft  has  considerable 
germ-resisting  ability.  ,,  , n nilinimt  of  haver- 

responsible  in  determining  whether  the  bone  bia 
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as  such  or  acts  as  an  osteoconductive  scaffold.  This 
was  especially  emphasized  in  the  three  human  cases  cut 
down  on.  If  the  graft  is  to  live  as  such  the  blood-sup- 
ply contacts  must  be  of  favorable  character  and  numer- 
ously distributed  at  short  intervals  along  its  whole 
extent.  Such  as  is  the  case  with  the  spinal  graft  or 
the  transplant  used  for  ununited  fractures  described 
elsewhere. 

3.  Ollier  in  1858  described  his  technic  for  subperio- 
steal resection,  but  as  far  as  I am  aware,  did  not  empha- 
size the  importance  of  the  employment  of  a sharp  instru- 
ment with  force  in  order  to  separate  with  the  periosteum 
the  embryonic  layer  of  active  osteogenetic  cells,  which 
is  situated  on  the  periphery  of  the  compact  bone, 
although  it  is  evident  from  the  description  of  his  work 
that  he  frequently  practiced  this  technic.  It  seems  cer- 
tain that  osteogenesis  on  the  part  of  the  healthy  peri- 
osteum removed  from  a healthy  bone,  is  largely  depend- 
ent on  the  presence  of  these  active  embryonic  bone  cells 
from  the  outer  surface  of  the  cortical  bone.  Therefore 
the  wisdom  of  the  use  of  the  sharp  periosteum  elevator 
in  bone  resection  is  apparent. 

4-  The  bone  transplant  apparently  acts  always  as 
a stimulant  to  osteogenesis  on  the  part  of  the  bone  into 
which  it  has  been  implanted. 


5.  The  spinal  graft  in  the  dog  loses  its  identity  at 
about  the  fourth  month.  After  that  time  one  would  not 
know  from  its  appearance  that  the  bone  bridge  had 
originated  in  this  way. 

6.  Bone  taken  from  another  species,  such  as  the  sheep, 
did  not  unite  to  the  recipient  bone  of  the  dog,  although 
m e presence  of  asepsis.  This  one  experiment  does 
not  prove  that  sheep’s  bone  will  not  unite  to  dog’s 

bone  as  a graft,  but  it  does  prove  the  unreliability  &of 
the  procedure.  J 


J-Ab°n,e  “S6  between  different  vertebrae  was 
accomplished  in  this  small  series  of  experiments  onlv  bv 

snlittZ'S  • Breaklng  down  the  spinous  processes, 
the  Q *V]nT  Processes  witb  approximation  to 

bridges  alff°Uf  ?nd  the  insertion  of  periosteal 

bridge!  Produce  the  desired  continuous  bone 

thf \,^0Ile  i?rans-f^nts  taken  from  a long  bone  such  as 

when  take?°fTom  tlideDCe  °f  S1'Gater  osteoSenesis  than 

icumn  trom  the  spinous  processes. 
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9.  Bone  from  which  the  periosteum  had  been  amoved 
proved  equally  satisfactory  to  bone-grafts  on  which  the 
periosteum  had  been  retained  but  than ' ™ 

not  tested  because  the  animals  were  not  allowed  to  1 
Iona  enough.  It  seems  certain  that  the  iate  of  a bone 
craft  depends  largely  on  its  exact  environment  especially 
as  to  the  numerous  bone  contacts  closely  situated. 

10  The  above-mentioned  germ-resisting  propel ty  ot 

the  bone  graft,  in  addition  to  its  early 

in  +n  ilyp  bones  with  which  it  is  conxiacteu, 

f™  s hi  n,  opinion  its  substitution  when  feasible  in 
nhice  of  all  metal  internal  splints,  especially  when  it  is 
considered  that  the  metal  splint  has  absolutely  the  oppo- 
site influence,  namely,  the  production  of  hone  abso  i 
tion  and  favors  infection.  -i  p 

o"  v°0‘ 

iTkdy  to  be  deep  enough  to  include  the  osteogenete  layer 
of  Sis  on  the  periphery  of  the  coiecfce 

°n,y  and  slight 

or  no  osteogenesis  would  occur, 
appear. 
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